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QG,QWHUQDWLRQDO&RQIHUHQFHRQ0HFKDQLFDO,QGXVWULDODQG0DQXIDFWXULQJ
(QJLQHHULQJ
1XPHULFDO,QYHVWLJDWLRQRI$HURG\QDPLF3DUDPHWHU¶V(IIHFWVRQ
+HDW7UDQVIHU&KDUDFWHULVWLFRI6FDOHOLNH3ODWHOHW,QQHU'XFW
+HSHQJ<XDQ/LPLQJ+H-LQOXD<X7DR-LQ
7KH(QJLQHHULQJ,QVWLWXWH$LU)RUFH(QJLQHHULQJ8QLYHUVLW\;L¶DQ&KLQD
$EVWUDFW
&RROLQJ HIIHFWLYHQHVV GLVWULEXWLRQ RI PHWDO ZDOO VXUIDFH RI VFDOHOLNH SODWHOHW LQQHU GXFW LV VWXGLHG LQ WKLV SDSHU E\
QXPHULFDO LQYHVWLJDWLRQ %\ FKDQJLQJ VRPH SDUDPHWHUV OLNH PDLQ IORZ 5H\QROGV QXPEHU EORZLQJ UDWLRQ DQG VR RQ
FRROLQJPHFKDQLVPRIQHZSODWHOHWVWUXFWXUH LV UHYHDOHG&RPSXWDWLRQUHVXOWVKRZVWKDW WKHQHZVWUXFWXUHEULQJVDIXOO
SOD\ IRU FRROLQJ DLU SRWHQF\ DQG DOVR LV KHOSIXO WR UHGXFH WHPSHUDWXUH JUDGLHQW RI ZDOO VXUIDFH PDLO IORZ 5H\QROGV
QXPEHU FKDQJLQJKDV VPDOO HIIHFWV RQZDOO VXUIDFH FRROLQJ HIIHFWLYHQHVVGLVWULEXWLRQ DV WKH LQFUHDVHRI EORZLQJ UDWLR
DYHUDJH FRROLQJ HIIHFWLYHQHVV RI WKH ZKROH ZDOO VXUIDFH LV LQFUHDVLQJ DQG WKH LQFUHDVLQJ DPSOLWXGH KDV D QRQOLQHDU
FRUUHVSRQGLQJUHODWLRQZLWKEORZLQJUDWLRQ

3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI,QIRUPDWLRQ(QJLQHHULQJ5HVHDUFK,QVWLWXWH

.H\ZRUGV)LOPFRROLQJ3ODWHOHW1XPHULFDOLQYHVWLJDWLRQ&RROLQJHIIHFWLYHQHVV
,QWURGXFWLRQ
$VWKHLQFUHDVHRIDHURHQJLQHWKUXVWZHLJKWUDWLRDQGWKHHOHYDWLRQRIWXUELQHIURQWJDVWHPSHUDWXUHZRUNLQJ
HQYLURQPHQWRIWXUELQHEODGHEHFRPHVZRUVHDQGZRUVH6RFRROLQJWHFKQRORJ\QHHGVWREHIXUWKHUGHYHORSHG
3ODWHOHWWHFKQRORJ\KDVEHFRPHRQHRIWKHOHDGLQJWUHQGVLQNH\FRROLQJWHFKQRORJ\RIPRGHUQDHURHQJLQHE\


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LWV DGYDQWDJHV VXFK DV KLJK WKHUPDO UHVLVWDQFH VPDOO FRROLQJ DLU QHHG DQG KLJK FRROLQJ HIIHFWLYHQHVV
&XUUHQWO\ VRPH SODWHOHW FRROLQJ VWUXFWXUHV DUH EHLQJ UHVHDUFKHG DFWLYHO\ QDPHO\ 7UDQVSLUH>@ SODWHOHW
/DPLOOR\>@SODWHOHWDQG7UDQVSO\>@SODWHOHWDQGVRRQ7UDQVSLUHLVPDLQO\XVHGLQFRROLQJWKHWKUXVWFKDPEHU
RIOLTXLGURFNHUHQJLQH7KHSUHFLVHVKXQWRIWKLVNLQGSODWHOHWHQKDQFHVFRRODQWXVHHIILFLHQF\E\SRXULQJLQ
FRUUHVSRQGLQJFRRODQWIORZLQGLIIHUHQWFRROLQJUHTXLUHPHQWSODFHVRQWKHZDOOVXUIDFH/DPLOOR\VWUHQJWKHQV
WKHFRRODQWFRROLQJHIIHFWLYHQHVVDQGH[SHQGLQJLWVKHDWWUDQVIHUDUHDE\GLVWULEXWLQJPDQ\SLQVLQHDFKOD\HU
7KHUHLVQRSLQLQWKHLQQHUVWUXFWXUHRI7UDQVSO\EXWVRPHLQQHUGXFWVLQHYHU\SODWHOHW&RROLQJDLUFRPLQJ
IURPDLULQKROHJLYHVDQLPSDFWWRWKHSODWHOHWDQGWKHQIORZVDORQJWKHGXFWVWRDLURXWKROH5HVHDUFKHVRQ
ORFDO KHDW WUDQVIHU RI SODWHOHWZDOO VXUIDFH LQQHUSDUW KDYH DOVREHHQ FDUULHGRXWZLGHO\)XQD]DNL >@ DQG
RWKHUV KDYH GRQH VRPH H[SHULPHQWDO UHVHDUFKHV RQ WKH KHLJKW RI LQQHU GXFW DQG WKH KHLJKWV¶ HIIHFWV RQ
HQKDQFLQJKHDWWUDQVIHU$QGE\FRPSXWDWLRQWKH\KDYHPDGHDQLQYHVWLJDWLRQRQWKHKHLJKWDQGGLVWULEXWLRQ
RISLQVDVZHOODVWKHLUHIIHFWVRQHQKDQFLQJKHDWWUDQVIHU$IWHUZDUGDFRQFOXVLRQKDVEHHQDFKLHYHGWKDWSLQV
KDYH VRPH YLWDO LPSRUWDQFH RQ VWUHQJWKHQLQJ KHDW WUDQVIHU IRU SODWHOHW ;LQKXD <X 'RQJOLDQJ 4XDQ DQG
0DQ]KDR.RQJ >@ DQG VR RQ KDYH PDGH GHWDLOHG DQDO\VLV RQ SODWHOHW LQQHU VWUXFWXUH SDUDPHWHUV¶ OLNH
IHQHVWUDWHGUDWLRSLQVVKDSHGXFWKHLJKWSLQVGLVWULEXWLRQHWFHIIHFWVRQIORZUHVLVWDQFHFKDUDFWHULVWLFVDQG
KHDWWUDQVIHU
6WUXFWXUHH[SODQDWLRQ
7KH LQQHU GXFW VWUXFWXUHRI WKHPHQWLRQHG VFDOHOLNHSODWHOHW LV VLPLODUZLWK7UDQVSO\ZLWKRXW SLQV DQGZLWK
LQQHUGXFWV LQZDOOVXUIDFH LQQHUSDUW7KH LQQHUGXFWVDUUDQJLQJZD\ LQ WKH LQQHUSDUWRI WXUELQHEODGHZDOO
VXUIDFHLVVKRZHGLQ)LJXUH&RROLQJDLUFRPLQJIURPEODGHURRWWREODGHLQQHUFDYLW\FRROVWKHLQQHUZDOORI
EODGHILUVW7KHQSDVVLQJDLULQFDYLW\LWFRPHVWRWKHLQQHUGXFWRIVFDOHOLNHSODWHOHWDQGPDNHVDKHDWWUDQVIHU
RQ ZDOO VXUIDFH LQQHU SDUW $W ODVW SDVVLQJ DLURXW FDYLW\ WKH FRROLQJ DLU IORZV RXW RI ILOP KROH RQ EODGH
VXUIDFHDQGIRUPVDQDLUFRDWLQJRQEODGHRXWHUZDOOVXUIDFHWRPDNHDIXUWKHUSURWHFWLRQRQEODGH
 



7KHFRQFUHWHXQLWVWUXFWXUHRIVFDOHOLNH LQQHUGXFW LVH[SODLQHG LQ)LJXUH7KHEDVLFXQLWRIVFDOHOLNH
SODWHOHWLQQHUGXFWLVDWULDQJOHVWUXFWXUH(YHU\XQLWFRQVLVWVRIDLULQFDYLW\DLURXWFDYLW\VFDOHOLNHLQQHUGXFW
DQGILOPKROH$QGWKHDLULQFDYLW\DQGDLURXWFDYLW\RIQHLJKERUXQLWDUHVKDUHGLQFRPPRQ$LULQFDYLW\LV
DORQJWULSDQGYHUWLFDOWREODGHKHLJKW7KHRWKHUWZRVLGHVRIWKLVWULDQJOHDUHDOODLURXWFDYLW\$LULQFDYLW\
DQGDLURXWFDYLW\DUHFRQQHFWHGE\VFDOHOLNHLQQHUGXFW$LURXUFDYLW\LVFRQQHFWHGZLWKILOPKROHZKLOHILOP
KROHOHDGVWRPDLQIORZGLUHFWO\6FDOHOLNHLQQHUGXFWVDUHIRUPHGE\WKHLQWHUVHFWLRQRIWZRVHWVRIFRQFHQWULF
FLUFXODUDUFGXFWV
)LJXUH6FKHPDWLFGLDJUDPRIVFDOHOLNHLQQHUGXFWVLQWXUELQH
EODGHZDOOVXUIDFHLQQHUSDUW
)LJXUH6FKHPDWLFGLDJUDPRIVFDOHOLNHLQQHUGXFW
XQLWVWUXFWXUH
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&RPSXWDWLRQDO0RGHO
)LJXUHLVWKHFRPSXWDWLRQGRPDLQRIVFDOHOLNHLQQHUGXFWZKLFKLQFOXGHVWZRSDUWV2QHLVWKHGXFWIRUDLU
IORZLQJQDPHO\IOXLGGRPDLQZKLOHWKHRWKHULVWKHPHWDOZDOOVXUIDFHFDOOHGVROLGGRPDLQ,QWKHLQQHUSDUW
RIPHWDOZDOO VXUIDFH LQ WKH ILJXUH WKHUH LVDLULQFDYLW\ DLURXWFDYLW\ ILOPKROHDQGVFDOHOLNH LQQHUGXFWV
ZKLFK IRUP WKH VHFRQGDU\ IORZ &RROLQJ DLU HQWHUV LQ WKH WKUHH DLULQ FDYLWLHV LQ WKH ILJXUH WKHQ JRHV LQWR
VFDOHOLNHLQQHUGXFWVDQGPDNHVDFRQYHFWLYHKHDWWUDQVIHUZLWKZDOOVXUIDFHLQQHUSDUWEHIRUHLWJHWVLQWRDLU
RXWFDYLWLHVZKLFKDUHFRQQHFWHGZLWKPDLQIORZFKDQQHOE\ILOPKROHV:DUPDLUIORZVLQIURPPDLQIORZ
HQWUDQFH$QGWKHKHLJKWRIPDLQIORZFKDQQHOLVPPDQGZLGWKLVPPVDPHDVWKHZLGWKLQUHWLFXODU
LQQHUGXFW0DLQIORZPL[HGZLWKFRROLQJDLUDQGWKHQIORZVRXWDWWKHH[LWRQWKHEDFN7DNLQJWKHQHLJKERU
XQLWLQWRFRQVLGHUDWLRQWKUHHDLULQFDYLWLHVWKHWZRVLGHDLURXWFDYLWLHVDQGILOPKROHDUHDOOKDOI

 

)LJXUH  LV FRPSXWDWLRQ JULG RI VFDOHOLNH GXFWV )LUVWO\ JULG JHQHUDWLRQ IRU VFDOHOLNH GXFWV LVPDGH DQG
XQVWUXFWXUHGJULGWKXVLVSURGXFHG6HFRQGO\DGHQVHJULGJHQHUDWLRQLVPDGHIRUHYHU\ILOPKROH$QGWKHQ
JULGJHQHUDWLRQIRUHYHU\DLULQFDYLW\DLURXWFDYLW\DQGWKHVROLGSDUWLQWKHZKROHPHWDOZDOOVXUIDFHLVPDGH
$W ODVW JULG IRU PDLQ IORZ FKDQQHO LV JHQHUDWHG $OO JULGV DUH XQVWUXFWXUHG JULGV $V WKH YLFLQLW\ RI PHWDO
VXUIDFHLVWKHSULPDU\UHVHDUFKLQJDUHDERXQGDU\OD\HULVVHWXSDERYHPHWDOVXUIDFHVRDVWRHQVXUHWKDW\RI
FRUUHVSRQGLQJZDOOVXUIDFHLVDERXW*ULGQXPEHUIRUWKHZKROHFRPSXWDWLRQGRPDLQLVDERXWPLOOLRQ
1XPHULFDOLQYHVWLJDWLRQRIFRPSXWDWLRQGRPDLQLQWKLVSDSHUDGRSWVVHSDUDWHGLPSOLFLWVROYHUVLQ)OXHQW
7KH VROYLQJPHWKRG LV SUHVVXUH FRUUHFWLRQPHWKRG DOVR FDOOHG 6,03/(PHWKRG'LVFUHWH VFKHPH RI HYHU\
SDUDPHWHU DGRSWV VHFRQGRUGHU XSZLQG VFKHPH $QG PLOG UHOD[DWLRQ WUHDWPHQW LV FDUULHG RXW IRU SUHVVXUH
FRUUHFWLRQ HTXDWLRQ FRQWLQXLW\ HTXDWLRQ PRPHQWXP HTXDWLRQ N DQG ε HTXDWLRQ 7KH UHOD[DWLRQ IDFWRU LV
JUDGXDOO\ DGMXVWHG LQ LWHUDWLYH FDOFXODWLRQ -XGJPHQW FULWHULD RI ILQDO FRQYHUJHQFH VROXWLRQ DUH WKDW UHODWLYH
UHVLGXDOLVVPDOOHUWKDQhDQGQRGHFUHDVLQJWUHQG
&RPSXWDWLRQUHVXOW
7KHFRRUGLQDWHGLUHFWLRQRIWKHFDOFXODWLQJPRGHOLVVKRZHGLQILJXUHDV;<=
&RPSXWDWLRQUHVXOWRIVFDOHOLNHLQQHUGXFW
6HFWLRQSRVLWLRQVDORQJWKHGLUHFWLRQRIPHWDOZDOOWKLFNQHVVDQGKHLJKWDUHVKRZHGLQ)LJXUH0HWDOZDOO
VXUIDFHKHLJKWLVPPDQGWKHWKUHHUHSUHVHQWDWLYHVHFWLRQVDUH= PPLV WKHERWWRPERXQGDU\= PPLV
)LJXUH  &RPSXWDWLRQ GRPDLQ RI VFDOHOLNH LQQHU GXFW )LJXUH&RPSXWDWLRQJULGRIVFDOHOLNHGXFW
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WKHERXQGDU\EHWZHHQZDOOVXUIDFHDQGPDLQIORZ= PPLVWKHPLGGOHVHFWLRQRIZDOOVXUIDFHLQFOXGLQJ
WKHGLVWULEXWLRQRIVFDOHOLNHLQQHUGXFW= PPLVWKHVHFWLRQQHDUZDOOVXUIDFHLQPDLQIORZFKDQQHO

 

)LJXUHLVWHPSHUDWXUHGLVWULEXWLRQGLDJUDPRIPHWDOZDOOVXUIDFHPLGGOHVHFWLRQ5HYHDOHGLQWKHILJXUH
WHPSHUDWXUHLQWKHOHIWLVKLJKZKLOHLQWKHULJKWLVORZ7KDWPHDQVIURPXSSHUVWUHDPWRORZHUVWUHDPDORQJ
PDLQIORZGLUHFWLRQWHPSHUDWXUHGLVWULEXWLRQLVJUDGXDOO\UHGXFHG7HPSHUDWXUHRIXSDQGGRZQVLGHV¶DLULQ
FDYLW\ YLFLQLW\ LV ORZHU ZKLOH WHPSHUDWXUH RI FURVVVHFWLRQ PLGGOH DUHD LV KLJKHU ,Q WKH IORZLQJ SURFHVV
FRROLQJDLU WHPSHUDWXUHLVJUDGXDOO\LQFUHDVHG7HPSHUDWXUHLVUHODWLYHO\ORZHUZKHQFRROLQJDLUHQWHUV IURP
DLULQFDYLW\ WR VFDOHOLNH LQQHUGXFWDQG WKHQDSSDUHQWO\JRHVXSZKHQFRROLQJDLU IORZVFRQWLQXDOO\ WRZDOO
VXUIDFHLQQHUSDUWDORQJWKHFKDQQHO$QGWHPSHUDWXUHUHDFKHVWKHKLJKHVWZKHQFRROLQJDLUJHWVWRWKHWRSRI
WKH WULDQJOH XQLW ZKLFK DLULQ FDYLW\ IDFHV 7KHQ FRROLQJ DLU FRPHV LQWR DLURXW FDYLW\ &KDQQHO OHQJWK LV
FRUUHVSRQGLQJ WR WHPSHUDWXUH ULVHRIFRROLQJDLU7KH WZRDLURXWFDYLWLHV LQPLGGOHXQLWDUHFRQQHFWHGZLWK
HLJKWDUFFKDQQHOVUHVSHFWLYHO\DQGWZRFKDQQHOVDUHFRQQHFWHGDWWKHVDPHSODFHDWWKHVDPHWLPH7KHWRWDO
OHQJWKRIWKHIRXUJURXSVRIDUFFKDQQHOVLVHTXDO$QGWKLVGHVLJQPDNHVWKHDLUWHPSHUDWXUHPRUHHYHQDIWHU
WKHFRROLQJDLUPL[LQJLQDLURXWFDYLW\7KHKLJKHVWWHPSHUDWXUHRIZDOOVXUIDFHH[LVWVRQWKHXSSHUDQGORZHU
VLGHVRQWKHOHIWDQGWKHUHDUHWZRUHDVRQVIRUWKDW)LUVWWKHUHLVQRLQQHUFKDQQHORQWKHWZRVLGHV6HFRQG
WKHUHLVQRILOPFRYHULQJDQGFRQYHFWLYHKHDWWUDQVIHURIPDLQIORZKDSSHQVGLUHFWO\7KHWKUHHILOPKROHVRQ
OHIW VLGHDLURXWFDYLW\DUH QHDU WKHXSSHU VLGH7KHUHIRUHKLJK WHPSHUDWXUHDUHDRI WKH ORZHU VLGH LVELJJHU
WKDQWKDWRIWKHXSSHUVLGH
(IIHFWVRI5H\QROGVQXPEHU
2Q WKUHH FRQGLWLRQV FRPSXWDWLRQ LV FDUULHG RXW %ORZLQJ UDWLR LV  5H\QROGV QXPEHU LV UHVSHFWLYHO\
DQG$QGVSHFLILFFRPSXWDWLRQUHVXOWVDUHVKRZHGLQ)LJXUHWR)LJXUH

D5H  E5H F5H 
)LJXUH7HPSHUDWXUHGLVWULEXWLRQRIVHFWLRQ= E\GLIIHUHQW5H\QROGVQXPEHU
)LJXUH  LV WKH WHPSHUDWXUH GLVWULEXWLRQ RI ERXQGDU\ VXUIDFH EHWZHHQPHWDO ZDOO VXUIDFH DQGPDLQ IORZ
FKDQQHOE\GLIIHUHQW5H\QROGVQXPEHU,WLVLQGLFDWHGLQWKHILJXUHWKDWVXUIDFHWHPSHUDWXUHGLVWULEXWLRQRYHUDOO
)LJXUH=VHFWLRQSRVLWLRQ )LJXUH'LVWULEXWLRQRIVHFWLRQWHPSHUDWXUH
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OD\RXWLVUHODWLYHO\VLPLODU7KHGLIIHUHQFHLVWKDWRQELJ5H\QROGVQXPEHUFRQGLWLRQORZWHPSHUDWXUHDUHDRQ
ZDOOVXUIDFHLVELJJHUDQGWKHPLQLPXPWHPSHUDWXUHYDOXHRIWKLVDUHDLVVPDOOHU$WWKHVDPHWLPHVFRSHRI
KLJKWHPSHUDWXUHDUHDUHGXFHGFRPSDUDWLYHO\$QGLWDOVRFDQEHVKRZHGLQWKHILJXUHWKDWDVWKHLQFUHDVHRI
5H\QROGVQXPEHUWHPSHUDWXUHRIILOPKROHH[LWUHGXFHGDSSDUHQWO\
)LJXUHLVWKHDYHUDJHDLUWHPSHUDWXUHRIHYHU\ILOPKROHH[LWRQZDOOVXUIDFH7KHUHDUHIRXUURZVIRUILOP
KROHVIURPOHIWWRULJKW$QGWKUHHILOPKROHVLQHYHU\URZDUHPDUNHGIURPERWWRPWRWRSRQHE\RQH,WFDQEH
VHHQLQWKHILJXUHWKDWWHPSHUDWXUHFKDQJLQJRIILOPKROHVRQWZRHQGVLVPRUHLQWHQVHEHFDXVHWKHWZRDLURXW
FDYLWLHV DUH FRQQHFWHG RQO\ZLWK RQH WULDQJOH XQLW 7HPSHUDWXUH GLIIHUHQFH RI WKH WZR URZV RI KROHV LQ WKH
PLGGOHLVQRWELJDQGLQWKHVFRSHRI&7KXVWKHGHVLJQWKDWQHLJKERUXQLWVVKDUHRQHDLURXWFDYLW\IXOO\
VKRZVLWVDGYDQWDJH%\GLIIHUHQW5H\QROGVQXPEHUFKDQJLQJUXOHVRIDLUWHPSHUDWXUHRQHYHU\ILOPKROHH[LW
LVWKHVDPH$VWKHLQFUHDVHRI5H\QROGVQXPEHUWHPSHUDWXUHJLYHVDWUHQGWRGHFUHDVH$QGDLUWHPSHUDWXUH
RI ILOPKROHH[LW LVPDLQO\HIIHFWHGE\ WKHKHDWDEVRUELQJRIFRROLQJDLU LQZDOO VXUIDFH$V WKH LQFUHDVHRI
5H\QROGV QXPEHU IORZ UDWH RI FRROLQJ DLU LQ LQQHU GXFW LQFUHDVHV DQG KHDW WUDQVIHU FRHIILFLHQW PXVW EH
LQFUHDVLQJ%XWWKHKHDWWUDQVIHUDUHDEHWZHHQDLUIORZDQGZDOOVXUIDFHLVXQYDU\LQJ$OOWKHVHIXQFWLRQVPDNH
WKHULVLQJWUHQGRIFRROLQJDLUWHPSHUDWXUHGHFUHDVH
 

)LJXUHVKRZVWKHDYHUDJHYHORFLW\RIFRROLQJDLUDWHYHU\ILOPKROHH[LWE\GLIIHUHQW5H\QROGVQXPEHU%\
WKHVDPH5H\QROGVQXPEHUWKHDYHUDJHYHORFLW\RIFRROLQJDLUDWHYHU\ILOPKROHH[LWLVFORVHWRHDFKRWKHU
$QGWKLVPDNHVWKHILOPFRYHULQJIRUZDOOVXUIDFHPRUHHYHQDQGWKHILOPIXQFWLRQDOGLVWDQFHWRZDOOVXUIDFHLV
DOPRVWWKHVDPH$QGHYHU\ILOPKROH¶VWHPSHUDWXUHGLIIHUHQFHRIWKHIRUPHUPHQWLRQHGDLURXWFDYLW\LVVPDOO
7KXVWHPSHUDWXUHJUDGLHQWRIZDOOVXUIDFHLVVPDOODFFRUGLQJO\%\GLIIHUHQW5H\QROGVQXPEHUWKHDYHUDJHDLU
YHORFLW\FKDQJLQJUXOHVRIHYHU\ILOPKROHH[LWDUHVLPLODU$VWKHLQFUHDVHRI5H\QROGVQXPEHUYHORFLW\RI
HYHU\ILOPKROHLQFUHDVHVDSSDUHQWO\DQGFKDQJLQJDPSOLWXGHRIYHORFLW\FXUYHLVPRUHLQWHQVH%XWWKHUHODWLYH
YDOXHFKDQJLQJLVQRWELJ
7DEOH&RROLQJHIIHFWLYHQHVVDQGSUHVVXUHORVVE\GLIIHUHQW5H\QROGVQXPEHU
5H\QROGVQXPEHU =  =  $YHUDJHFRROLQJHIIHFWLYHQHVV 3UHVVXUHORVV
    
    
    
%\GLIIHUHQW5H\QROGVQXPEHUDYHUDJHFRROLQJHIIHFWLYHQHVVRI WZRVHFWLRQV= DQG= LVVKRZHGLQ
7DEOH  $QG SUHVVXUH ORVV LV DOVR JLYHQ E\ DYHUDJLQJ WKH WZR VHFWLRQV¶ FRROLQJ HIIHFWLYHQHVV &RROLQJ
HIIHFWLYHQHVV LV FORVH WR HDFKRWKHUZKHQ5H\QROGV QXPEHU LV  DQG DQG ORZHUZKHQ5H\QROGV
QXPEHU LV $YHUDJH FRROLQJ HIIHFWLYHQHVVRI VXFK VWUXFWXUH LVPRUH WKDQE\GLIIHUHQW5H\QROGV
)LJXUH$YHUDJHYHORFLW\DWILOPKROHH[LW)LJXUH$YHUDJHDLUWHPSHUDWXUHRIILOPKROHH[LW
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QXPEHU7KLVVKRZVWKHVWUXFWXUH¶VVXSHURUGLQDU\FRROLQJFKDUDFWHULVWLFIRUZDOOVXUIDFH$QGDVWKHLQFUHDVH
RI5H\QROGVQXPEHUSUHVVXUHORVVLQFUHDVHVJUHDWO\
%ORZLQJUDWLR¶VHIIHFWV
2Q WKH FRQGLWLRQ RI 5H\QROGV QXPEHU  EORZLQJ UDWLR    UHVSHFWLYHO\ EORZLQJ UDWLR¶V
HIIHFWVLVFDOFXODWHG$QGFRPSDULVRQRIGLIIHUHQWVHFWLRQVLVVKRZHGLQ)LJXUHWR)LJXUH

D%U E%U F%U 
)LJXUH7HPSHUDWXUHGLVWULEXWLRQRIVHFWLRQ= E\GLIIHUHQWEORZLQJUDWLR
)LJXUH LV WKH WHPSHUDWXUHGLVWULEXWLRQRI VHFWLRQ= E\GLIIHUHQW EORZLQJ UDWLR ,W LV LQGLFDWHG LQ WKH
ILJXUHWKDWWKHKLJKDQGORZWHPSHUDWXUHDUHDGLVWULEXWLRQLVDOPRVWWKHVDPHRQO\WKHWHPSHUDWXUHJUDGLHQWRI
KLJK DQG ORZ WHPSHUDWXUH DUHD LQFUHDVHV DV WKH LQFUHDVH RI EORZLQJ UDWLR 7KH ZKROH WHPSHUDWXUH RI ZDOO
VXUIDFHLVPRUHHYHQZKHQEORZLQJUDWLRLVVPDOO:KHQEORZLQJUDWLRQLVELJJHU WKHZKROHWHPSHUDWXUHRI
ZDOOVXUIDFH LV ORZHU$QG WKHILOPFRROLQJIXQFWLRQRIZDOOVXUIDFHGRZQVWUHDPLVVWUHQJWKHQHGHVSHFLDOO\
WKXVWKHWHPSHUDWXUHLVPXFKORZHUWKDQWKDWRIWKHXSSHUVWUHDP
 


)LJXUH)LJXUHLVWKHDYHUDJHDLUWHPSHUDWXUHDQGYHORFLW\RIHYHU\ILOPKROHH[LWE\GLIIHUHQWEORZLQJ
UDWLR-XGJLQJIURPWKHFKDQJLQJRIWKHFXUYHWKHUXOHVDUHWKHVDPHZLWKWKDWE\GLIIHUHQW5H\QROGVQXPEHU
7KHPDLQ IDFWRU WKDW KDV DQ HIIHFW RQ WKH DYHUDJH WHPSHUDWXUH DQG YHORFLW\ LV WKH IORZLQJ KHDW WUDQVIHU LQ
VFDOHOLNHLQQHUGXFWZKLOHWKHILOPFRYHULQJFRQGLWLRQLQPDLQIORZFKDQQHOKDVVPDOOHIIHFW
7DEOH&RROLQJHIIHFWLYHQHVVDQGSUHVVXUHORVVE\GLIIHUHQWEORZLQJUDWLR
%ORZLQJUDWLR =  =  $YHUDJHFRROLQJHIIHFWLYHQHVV 3UHVVXUHORVV
    
    
    
)LJXUH$YHUDJHDLUWHPSHUDWXUHRIHYHU\ILOP
KROHH[LWE\GLIIHUHQWEORZLQJUDWLR
)LJXUH$YHUDJHDLUYHORFLW\RIHYHU\ILOP
KROHH[LWE\GLIIHUHQWEORZLQJUDWLR
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%\GLIIHUHQWEORZLQJUDWLRDYHUDJHFRROLQJHIIHFWLYHQHVVRIWZRVHFWLRQV= DQG= LVVKRZHGLQ7DEOH
$QGSUHVVXUHORVVLVDOVRJLYHQE\DYHUDJLQJWKHWZRVHFWLRQV¶FRROLQJHIIHFWLYHQHVV ,I5H\QROGVQXPEHU
NHHSVWKHVDPHIORZUDWHRIPDLQIORZZLOOQRWFKDQJH&RROLQJHIIHFWLYHQHVVRIZDOOVXUIDFHUHGXFHVJUHDWO\
ZKHQEORZLQJUDWLREHFRPHVVPDOOHU%XWWKHUHGXFLQJDPSOLWXGHLVQRWOLQHDU:KHQEORZLQJUDWLRGHFUHDVHV
IURPWRIORZUDWHKDVGHFUHDVHGKDOIEXWFRROLQJHIIHFWLYHQHVVKDVGHFUHDVHGRQO\$WWKHVDPH
WLPHZKHQ EORZLQJ UDWLR LQFUHDVHV FRROLQJ HIIHFWLYHQHVV LQFUHDVHV WRR EXW WKH LQFUHDVLQJ DPSOLWXGH LQ QRW
OLQHDU HLWKHU:KHQ EORZLQJ UDWLR LQFUHDVHV IURP  WR  FRROLQJ DLU IORZ UDWH KDV LQFUHDVHG  EXW
FRROLQJHIIHFWLYHQHVVKDVRQO\ LQFUHDVHG7KLV VKRZV WKDWZKHQDLU IORZ UDWH LQ VFDOHOLNH LQQHUGXFW LV
VPDOOHUWKHKHDWWUDQVIHULQZDOOVXUIDFHLQQHUSDUWLVPRUHVXIILFLHQWDQGFRROLQJDLUSRWHQF\LVIXOO\GLVSOD\HG
2QFRQGLWLRQRIELJEORZLQJUDWLRKHDWWUDQVIHURIFRROLQJDLULQZDOOVXUIDFHLQQHUSDUWLVQRWVXIILFLHQW$QG
RQPHWDOZDOOVXUIDFHLQPDLQIORZFKDQQHO WKHFRROLQJDLUIRUPVDILOPZKRVHSURWHFWLYHIXQFWLRQIRUZDOO
VXUIDFHGRZQVWUHDPLVVWUHQJWKHQHG$VWKHLQFUHDVHRIEORZLQJUDWLRSUHVVXUHORVVLQFUHDVHVJUHDWO\
&RQFOXVLRQV
&RQFOXVLRQVDUHPDGHDIWHUDERYHFRPSXWDWLRQDQGGLVFXVVLRQ
7KHUHLVDUUD\LQJZD\RIILOPKROHVLQVFDOHOLNHLQQHUGXFWVWUXFWXUH7HPSHUDWXUHDQGYHORFLW\GLIIHUHQFH
RI IORZLQJ DLU IURP ILOP KROHV DUH QRW ELJ$QG WKHUH LV DOVR WUDLW WKDW LQQHU GXFWV RI GLIIHUHQW DUFV KDYH D
FULVVFURVV7KXVFRROLQJDLUSRWHQF\LVEURXJKWLQWRIXOOSOD\DQGDOVRWKHWHPSHUDWXUHJUDGLHQWRIZDOOVXUIDFH
LVHDV\WRGHFUHDVH
7KHFKDQJLQJRIPDLQIORZ5H\QROGVQXPEHUKDVVPDOOHIIHFWVRQFRROLQJHIIHFWLYHQHVVRIZDOOVXUIDFH
:KHQ5H\QROGVQXPEHULQFUHDVHVFRROLQJHIIHFWLYHQHVVYDOXHRIZDOOVXUIDFHLQFUHDVHVVOLJKWO\
$VWKHLQFUHDVHRIEORZLQJUDWLRDYHUDJHFRROLQJHIIHFWLYHQHVVRIWKHZKROHZDOOVXUIDFHLQFUHDVHV$QG
WKHLQFUHDVHDPSOLWXGHKDVDQRQOLQHDUFRUUHVSRQGLQJUHODWLRQZLWKEORZLQJUDWLR$VPDOOEORZLQJUDWLRZLOO
DFKLHYHDFHUWDLQFRROLQJHIIHFWLYHQHVVZKLOHDELJJHUEORZLQJUDWLRZLOOQRWEULQJDJUHDWO\HQKDQFHGDYHUDJH
FRROLQJHIIHFWLYHQHVVRIZDOOVXUIDFH
$VWKHLQFUHDVHRIPDLQIORZ5H\QROGVQXPEHUDQGEORZLQJUDWLRSUHVVXUHORVVRIVFDOHOLNHLQQHUGXFW
LQFUHDVHV$QGWKHLQFUHDVHDPSOLWXGHLVPXFKREYLRXVWKDQWKDWRIVHFRQGDU\IORZUDWH
$FNQRZOHGJHPHQWV
7KLV ZRUNZDV IXQGHG E\1DWLRQDO1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD $SSOLFDWLRQ EDVLF UHVHDUFK RI
&RPEXVWRUIRUWKH0D]H&RPSRVLWLRQ&RROLQJ6WUXFWXUH˄1R˅
5HIHUHQFHV
>@ .XQW]5-%OXEDXJK$/7UDQVSLUDWLRQFRROHGGHYLFHV>3@863DWHQW
>@ %OXEDXJK$/=LVN(-'HPRQVWUDWLRQRIDQDGYDQFHGWUDQVSLUDWLRQFRROHGWKUXVWKDPEHU>5@$'
>@ /DRW]5-7UDQVSLUDWLRQFRROLQJZDVKHUDVVHPEO\>3@863DWHQW
>@ 1HDUO\ ' $ 5HLGHU 6 % (YDOXDWLRQ RI ODPLQDWHG SRURXV ZDOO PDWHULDOV IRU FRPEXVWLRQ OLQHU
FRROLQJ>-@7UDQVDFWLRQVRIWKH$60(-RXUQDORI(QJLQHHULQJIRU3RZHU
>@ :DVVHO $ %%KDQJX - . 7KH GHYHORSPHQW DQG DSSOLFDWLRQ RI LPSURYHG FRPEXVWRU ZDOO FRROLQJ
WHFKQLTXHV>&@$60(*7
>@ )XQD]DNL . 7DUXNDZD < .XGR 7 +HDW 7UDQVIHU &KDUDFWHULVWLFV RI DQ ,QWHJUDWHG &RROLQJ
&RQILJXUDWLRQ RI 8OWUDKLJK 7HPSHUDWXUH 7XUELQH %ODGHV([SHULPHQWDO DQG 1XPHULFDO
,QYHVWLJDWLRQV>&@$60(SDSHU*7ˈ
>@ )XQD]DNL . DQG +DFKL\D . 6\VWHPDWLF 1XPHULFDO 6WXGLHV RQ +HDW 7UDQVIHU DQG $HURG\QDPLF
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&KDUDFWHULVWLFVRI,PSLQJHPHQW&RROLQJ'HYLFHV&RPELQHGZLWK3LQV>&@$60(SDSHU*7

>@ )DYDUHWWR&))DQG)XQD]DNL.$SSOLFDWLRQRI$OJRULWKPVWR'HVLJQRIDQ,QWHUQDO7XUELQH&RROLQJ
6\VWHP>&@$60(SDSHU*7
>@ ;LQ+XD <X ,QYHVWLJDWLRQ RI WKH FRROLQJ &KDUDFWHULVWLFV RI /DPLOOR\ˈ1RUWKZHVWHUQ 3RO\WHFKQLFDO
8QLYHUVLW\3K''LVVHUWDWLRQˈ,Q&KLQHVH
>@'RQJOLDQJ4XDQ,QYHVWLJDWLRQRIWKH&RROLQJ&KDUDFWHULVWLFVRI/DPLOOR\7XUELQH%ODGHˈ1RUWKZHVWHUQ
3RO\WHFKQLFDO8QLYHUVLW\3K''LVVHUWDWLRQˈ,Q&KLQHVH
>@.RQJ 0DQ]KDR =KX +XLUHQ /LX 6RQJOLQJ <XDQ +HQSHQJ ,QYHVWLJDWLRQ RI ,QWHUQDO +HDW 7UDQVIHU
&KDUDFWHULVWLFV RI /DPLOOR\ &RQILJXUDWLRQV &KLQHVH -RXUQDO RI $HURQDXWLFV 9ROˈ1Rˈˈ
,Q&KLQHVH
